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This study aimed to isolate fungal pathogens and to subsequently quantify aflatoxin (AF;
B1 þ B2 þ G1 þ G2) contamination in wheat crops grown in Pakistan. Accordingly, a total of
185 wheat samples were collected from different areas of Pakistan and numerous potent
fungal pathogens were isolated. AF contamination attributed to the presence of intox-
icating fungal pathogens and resulting metabolic activities were quantified using a high
performance liquid chromatography-fluorescence detector coupled with postcolumn
derivatization. Additionally, the effect of fungal pathogens on seed germination was also
examined. The results obtained showed that 50% of tested wheat samples were found to be
contaminated with a diverse range of fungal species. The rate of recurrence of fungal
pathogens were Aspergillus 31%, Penicillium 9%, Fusarium 8%, Rhizopus 3%, and Alternaria 2%.
The presence of Tilletia indica and Claviceps purpurea species was found to be inevident in all
tested wheat samples. AFB1 contamination was detected in 48 (26.0%) samples and AFB2 in
13 (7.0%) samples. AFG1 and AFG2 were not found in any of the tested samples. The
contamination range of AFB1 and AFB2 was 0.05e4.78 mg/kg and 0.02e0.48 mg/kg, respec-
tively. The total amount of AFs (B1 þ B2) found in 48 (26.0%) samples had a mean level of
0.53 ± 0.40 mg/kg and a contamination range of 0.02e5.26 mg/kg. The overall results showed
that in 137 (74.0%) samples, AFs were not found within detectable limits. Furthermore, in
180 (97.2%) samples, AF levels were found to be below the maximum tolerated levels (MTL)
recommended by the European Union (4 mg/kg). In five (2.7%) samples, AF contamination
was higher than the MTL of the European Union. However, these samples were fit for
human consumption with reference to the MTL (20 mg/kg) assigned by the USA (Food and
Drug Administration and Food and Agriculture Organization) and Pakistan (Pakistan
Standards and Quality Control Authority). Germination rates in healthy and contaminated
wheat kernels were 84.6% and 45.2%, respectively. Based on the obtained results, it was
concluded that the levels of fungal pathogen and AF contamination in Pakistani-grownty Laboratory, Food and Marine Resources Research Center, PCSIR Laboratories Complex,
ity Road, Karachi 75280, Sindh 74200, Pakistan.
.A. Asghar).
ministration, Taiwan. Published by Elsevier Taiwan LLC. This is an open access article under the
.org/licenses/by-nc-nd/4.0/).
j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 4 ( 2 0 1 6 ) 6 3 5e6 4 3636wheat are not a potential threat to consumer health. However, control procedures along
with a strict monitoring policy are mandatory to further minimize the prevalence of fungal
carriers and the potency of AFs in crops cultivated in Pakistan.
Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Wheat (Triticum aestivum L.), which belongs to the family Poa-
ceae (Gramineae), is themost favored staple food in the world.
Furthermore, wheat ranked first in the essential diet of Paki-
stan's population followed by rice and maize. During the year
2013e2014, wheat was cultivated on an area of approximately
9.2 million ha with the production of 25.98 million tons. Wheat
comprises 10.0% of the agricultural sector and contributes to
2.1% of the gross domestic product of Pakistan [1].
Wheat kernels can be contaminated by pathogenic fungi
such as Aspergillus, Penicillium, and Fusarium during harvesting,
storage, and transportation. These deleterious fungi are
responsible for the production of hepatotoxic, immune-
suppressive, mutagenic, and teratogenic secondary metabo-
lites [2]. Growth and production of these fungal pathogens on
plants might result in lowered seed germination and reduced
seed vigor, and seed necrosis might also be affected. Finally,
these fungal pathogens can cause destruction and serious dis-
eases during the different stages of plant growth [3]. Generally,
tropical conditions such as moisture, high temperature,
unseasonal rains, monsoons, and flash floods lead to fungal
propagation, and finally the growth of aflatoxins (AFs) [4,5].
AFs are the best known and most intensively reported
mycotoxins that are produced by fungi of the genusAspergillus
species, particularly Aspergillus flavus and Aspergillus para-
siticus [6]. AFs are carcinogenic, mutagenic, teratogenic, and
immunosuppressive fungal metabolites. AFs could pose a
potential risk to human health because of aflatoxicosis and
cancer [7,8]. The most important AFs are aflatoxin B1, B2, G1,
and G2. However, AFB1 is the most dangerous of all of them
and frequently occurs in food commodities [7,9,10]. Economic
losses due to AF contamination have been reported in devel-
oped and developing countries [11e13]. The AF problemmight
be due to the lack of infrastructure in developing countries
(such as India, Sri Lanka, and Pakistan) to monitor and control
fungal invasion and production of toxic fungal metabolites.
Insufficient implementation of good harvesting practices,
improper storage, inadequate transportation, and marketing
conditions could also contribute to Aspergillus growth and
increase the risk of AF contamination.
Several countries, including Pakistan, have put forward
guidelines and acceptance levels for AFs attributed to their
frequent incidence, toxicity, and potential health hazard to
humans. For instance, the maximum tolerated levels (MTL) in
the European Union (EU) are 2 mg/kg for AFB1 and 4 mg/kg for
the sum of AFs (AFB1, AFB2, AFG1, and AFG2) [14]. In the USA
(Food and Drug Administration and Food and Agriculture Or-
ganization) and Pakistan (Pakistan Standards and QualityControl Authority), the MTL for total AFs in wheat is 20 mg/kg
[15,16]. Furthermore, different methods have been developed
in the past for the quantification of AFs in different matrices.
For instance, Campone et al [17e19] reported in 2009, 2011,
and 2015, the analysis of AFs in nuts, cereal products, and
dried fruits using high performance liquid chromatography
(HPLC) with fluorescence detection and ultrahigh-pressure
liquid chromatographyetandem mass spectrometry, respec-
tively. Waltking and Wilson [20], Brera et al [21], and Ofitser-
ova et al [22] quantified AFB1 and AFs in corn using HPLC with
postcolumn photochemical and chemical derivatization.
Due to fetal toxicity and their effect on human health, the
present study was designed to isolate and identify the type
and distribution level of pathogenic fungi such as Aspergillus,
Penicillium, Fusarium, Alternaria, Rhizopus, Tilletia indica, and
Claviceps purpurea, and AF contamination levels in Pakistani
wheat grains using HPLC with postcolumn derivatization and
fluorescence detection. Additionally, the attribution of fungal
pathogens on seed germination was also observed. Moreover,
the contamination levels were compared with reported levels
in the international community.2. Materials and methods
2.1. Chemicals and reagents
HPLC standards of AFBl (2 mg/mL; catalogue number 002017),
AFB2 (0.5 mg/mL; catalogue number 002018), AFGl (2 mg/mL;
catalogue number 002019), and AFG2 (0.51 mg/mL; catalogue
number 002020) in acetonitrile (ACN) were procured from
Biopure (Vienna, Austria). Ready to use potato dextrose agar
(PDA) media [potato extract 4.0 g, glucose 20.0 g, and agar
15.0 g in 1 L deionized (DI) H2O, pH 5.6 ± 0.2] and phosphate
buffered saline (PBS) tablets (pH 7.3 ± 0.2) were purchased
fromOxoid (Hampshire, UK). ACN andmethanol (MeOH) were
obtained from Merck (Darmstadt, Germany). Ethanol (EtOH),
nitric acid (HNO3), and potassium bromide (KBr) were ob-
tained from Sigma-Aldrich (St. Louis, MO, USA). All other
chemicals and solvents used were of analytical grade from
BDH (Poole, England) and Merck. Highly purified water (Re-
sistivity ¼ 18 MU$cm) was prepared by processing DI water
through a Purelab Ultra Option water purification system
(Model No. DV 25; ELGA, Buckinghamshire, UK).
2.2. Apparatus
An autoclave (Model Number LS-2D) was acquired from
Rexmed (Kaohsiung, Taiwan). Purelab Ultra Option (DV 25)
water purification system was purchased from ELGA.
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from Ebarch (New York, NY, USA). The HPLC system con-
sisted of a pump (Model Number L-2130) from VWR-Hitachi
(Tokyo, Japan), an auto-sampler (Model Number L-2200)
from Merck-Hitachi (Tokyo, Japan), a column thermostat
from Jones-Chromatography (Wales, UK), a LiChroCART
100A RP-18 (5 mm, 250  4.0 mm) column from Merck, and a
fluorescence detector (Model Number L-2480) from VWR-
Hitachi. Kobra Cell and Easi-Extract AF immunoaffinity col-
umns (IACs; Catalogue Number RP70N) were purchased from
R-Biopharm (Glasgow, Scotland). All other glassware such as
conical flasks, beakers, measuring cylinders, Petri plates,
and forceps were sterilized by autoclaving at 121C for
15 minutes.2.3. Sample collection
A total of 185 wheat grain samples were collected from
different areas of Pakistan during the period of January 2014 to
December 2014. It is well recognized that AFs occur in high
concentrations and are heterogeneously dispersed
throughout food and feed commodities. Therefore, the sam-
pling procedure was based on the method explained in the
Association of Official Analytical Chemists official method
number 977.16 [23]. Briefly, a minimum sample size of
0.5e1.0 kg was blended thoroughly for 10 minutes. Each ho-
mogenized and representative sample was divided into three
identical portions. One portion of sample was employed for
the blotter paper method and the second portion of sample
was put in PDA for the isolation and identification of fungal
pathogens. The third portion of sample was pulverized into
particles 1 mm using a sample grinder (Cyclotec 1093 Mill;
Tecator, H€oganes, Sweden) and subsampled to a final quantity
of 100 g. Finally, all pulverized samples were kept in separate
air tight opaque polyethylene bags and stored at 20C until
further AF analysis.2.4. Prevalence of fungal pathogens in wheat samples
The isolation of fungi from wheat grains was assessed using
two methods: (1) blotter paper method; and (2) agar plate
method as recommended by the International Seed Testing
Association [24].
2.4.1. Blotter paper method
A total of 400 grains from each wheat sample was placed on
three layers of water-soaked blotter paper already kept in 9-
cm sterilize Petri plates (10 grains per plate). The Petri plates
were then incubated at 25± 2

C for 7 days in the dark. The
growth of fungal species in each Petri plate was observed on
the basis of morphological and microscopic characterization
which included colony color, conidiophores, phialids, pres-
ence of vesicles, and size of vesicles [25]. The growth of fungal
species was calculated using the following equation:
Growthof fungal colonies ð%Þ ¼ No:of coloniesoneachplate
Total no: of grains
 100
(1)2.4.2. Agar plate method
A total of 400 grains per sample were plated (10 grains/plate)
on Petri plates containing PDA (39 g/L; pH 5.6 ± 0.2). The plates
were incubated for 7 days at 25 ± 2C in the dark. The growth
of fungal species in each Petri plate was observed on the basis
of morphological and microscopic characteristics. However,
the growth of fungal species was calculated using Eq. (1).
2.5. Seed germination
The germination rate of wheat seeds was assessed using the
standard blotter paper method [24]. A total of 100 seeds of
each sample were placed between two layers of blotter paper.
The plates were incubated for 15 days at 25 ± 2C in the dark.
The final counting of normal and abnormal seedling rate was
recorded 15 days after planting and the total percent of
germination was calculated as recommended by the Interna-
tional Seed Testing Association [26].
Germination rate ð%Þ ¼ No: of germination seeds
No: of total seeds planted
 100
(2)
2.6. Analysis of AFs
AF contamination in wheat samples was quantified using
HPLC coupled with postcolumn derivatization and fluores-
cence detector [27]. Briefly, the entire procedure consisted of
three major steps: (1) sample preparation (extraction of sam-
ple); (2) sample clean-up; (3) HPLC analysis.
2.6.1. Sample preparation (extraction of sample)
Fifty grams of each homogenized and pulverized wheat
sample was extracted in 100 mL MeOH:H2O (80:20 v/v). The
sample suspensions were blended using an explosion-proof
blender at 1950 relative centrifugal force for 2 minutes. The
blended extracts were filtered through Whatman Number 1
filter paper and clear supernatants were collected in separate
airtight amber vials.
2.6.2. Immunoaffinity clean-up
The sample clean-up was carried out using IACs. Briefly, 2 mL
of each sample extract was dilutedwith 14mL PBS and passed
through IACs at a flow rate of about 1e2 drops/s. IACs were
washed with 20 mL of PBS at a flow rate of approximately
5 mL/min and rapidly dried by passing air. AFs were eluted
with 1.5 mL of methanol followed by 1.5 mL of DI H2O and
collected in separate amber vials for subsequent chromato-
graphic analysis.
2.6.3. HPLC analysis
Chromatographic analysis of AFswas performed using a HPLC
system with postcolumn derivatization and fluorescence de-
tector. An aliquot of 99 mL of each AF standard and samplewas
injected in to the auto-sampler. Themobile phase consisted of
MeOH:ACN:H2O (65:17.5:17.5 v/v) containing 119 mg/L of KBr
and 154 ml/L of HNO3 and the flow rate was 1 mL/min. The
elution was performed in isocratic mode. The excitation and
emission wavelength was adjusted at 362 nm and 425 nm in
the fluorescence detector. The column temperature was
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C and the current source in KobraCell (R-
Biopharm) was adjusted at 100 mA. All four AFs were well
resolved within a total run time of about 20 minutes.
2.7. Method validation
The validation of the HPLC method was carried out in accor-
dance with the EU commission regulation number 1881/2006
[13]. Briefly, the performance of the method was evaluated in
terms of linearity, precision, accuracy, limit of detection
(LOD), limit of quantification (LOQ), and recovery. The line-
arity of the method was estimated in terms of coefficient of
determination (R2). A sequence of each AF in final concen-
trations of 0.0125 ng/mL, 0.025 ng/mL, 0.125 ng/mL, 0.25 ng/
mL, 0.625 ng/mL, 1.25 ng/mL, 2.5 ng/mL, 5 ng/mL, 10 ng/mL,
15 ng/mL, and 20 ng/mL was injected to the HPLC system and
chromatograms were recorded. Each concentration was
analyzed in triplicate. Finally, calibration curves for AFB1,
AFB2, AFG1, and AFG2 were separately prepared by plotting the
mean area versus the relevant concentration and the R2 value
was then calculated.
The intraday and interday precision and accuracy of the
HPLC method were evaluated using quality control (QC)
samples [21]. Briefly, three different concentrations of each AF
(0.25 ng/mL, 2.5 ng/mL, and 10 ng/mL) of QC samples were
analyzed using the HPLC system and precision was calculated
in terms of relative standard deviation (RSD). Furthermore,
the accuracy was calculated as the relative mean error (RME).
The LOD and LOQ of the HPLC method were estimated ac-
cording to the International Council on Harmonization of
Technical Requirements for Registration of Pharmaceuticals
for Human Use guidelines. Briefly, the LOD and LOQ were
calculated from the calibration curves at the concentration
with a peak area ratio of signal-to-noise ratio not less than 3
and 10, respectively [28]. The efficacy of the extraction and
chromatography procedure was assessed using sample forti-
fication. Briefly, 50 g of AF-free sample (wheat) was spiked
with AF solution at least 1 hour before analysis. The final
spiked concentration of each AF (AFB1, AFB2, AFG1, or AFG2)
was 0.5 mg/kg, 5 mg/kg, and 10 mg/kg. AFs were extracted and
liquid chromatography was performed according to the pro-
tocol as described above. Finally, the actual and measured
concentrations of spiked AFs were compared and the percent
recovery of each AF was evaluated.
2.8. Statistical data analysis
Statistical data analysis was carried out using the Student t
test with p < 0.05 as the minimal level of significance unless
indicated otherwise. All values were expressed as the
means ± standard deviation.3. Results and discussion
3.1. Method validation
All analytics were performed in triplicate to verify the accu-
racy of themethod performance. In addition, the performance
of the HPLC method was also evaluated in terms of linearity,precision and accuracy, LOD, LOQ, and recovery studies. All
relevant parameters regarding method validation are pre-
sented in Table 1. The results illustrated that AF concentra-
tions were found to be proportional to the related areas. The
calibration curves were linear over the evaluated range of
0.0125e20 ng/mL. The R2 values for AFB1, AFB2, AFG1, andAFG2
ranged between 0.9992 and 0.9997. The precision (% RSD) and
the accuracy (% RME) of the HPLC method were estimated
using QC samples and reported in Table 2. The results showed
that the method had an excellent RSD and RME. The intraday
and interday precision and accuracy were found to be below
6% for the all QC samples. The % RSD of intraday and interday
assessments ranged from 0.20% to 2.20% and 0.31% to 2.48%,
respectively. The % RME of intraday and interday ranged from
5.20% to 2.20% and 3.45% to 3.24%, respectively.
The LOD and LOD of the HPLC method were calculated
from the calibration curves for each AF (AFB1, AFB2, AFG1, and
AFG2). The calculated values are reported in Table 1. The LOD
and LOQ of the method effectively satisfied the MTL regulated
by the EU (4 mg/kg) and USA (20 mg/kg) [14,15]. The LOD and
LOQ for AFB1, AFB2, AFG1, and AFG2 were 0.031/0.093 mg/kg,
0.022/0.066 mg/kg, 0.032/0.096 mg/kg, and 0.028/0.084 mg/kg,
respectively. The average recoveries for each AF are summa-
rized in Table 1 and the HPLC chromatogram is shown in
Figure 1A. The mean recoveries ranged from 93.2% to 97.2%.
The recoveries rates satisfy the guidelines for recoveries limits
set by the Association of Official Analytical Chemists and
Codex Standard [29,30].
3.2. Prevalence of pathogenic fungi in wheat samples
Repeated invasion of pathogenic fungi such as Aspergillus,
Penicillium, and Fusarium within food and feed commodities
are of concern to human and animal health due to the asso-
ciated severe toxicity. In the present study, a total of 185
samples of wheat grains were collected from different regions
of Pakistan during January 2014 to December 2014. The wheat
sampleswere then assessed to isolate and diagnose the fungal
pathogens on the basis of their microscopic and cultural
characteristics. The relevant data regarding contamination of
the above mentioned fungal pathogens is summarized in
Table 3.
The results showed that about 50% of the samples were
found to be contaminated with different fungal genera. The
most common fungi isolated were A. flavus (14.0%) and
Aspergillus niger (16.2%). Other fungal genera such as Penicil-
lium (9.2%), Fusarium (8.1%), Alternaria (2.2%), and Rhizopus
(3.2%) were also found in low frequency. The other nonsys-
temic bunt fungal pathogens such as Tilletia indica and Clav-
iceps purpurea species were not detected in any of the wheat
samples. These nonsystemic bunt fungal pathogens are sup-
posed to be responsible for Karnal bunt disease of wheat [31].
No significant differences were seen among the blotter paper
method and agar plate method and the results obtained by
adapting both methods were found to be in good agreement.
3.3. AF contamination level in wheat samples
The contamination level of AFs is summarized in Table 4. The
chromatogram of AFs in naturally contaminated wheat is
Table 1 e Method validation for the quantification of aflatoxins (AFs; AFB1, AFB2, AFG1, and AFG2) in wheat.
Toxins Correlation
coefficient (R2)
LOD (mg/kg) LOQ (mg/kg) Recovery range (%) RSD (%) (n ¼ 20) Measurement
uncertainty (mg/kg)
AFB1 0.9995 0.031 0.093 94.8e97.2 1.17 0.08
AFB2 0.9994 0.022 0.066 95.1e98.1 1.01 0.10
AFG1 0.9992 0.032 0.096 94.4e96.1 1.18 0.06
AFG2 0.9997 0.028 0.084 93.2e95.6 0.72 0.10
Total AFs 0.9994 0.091 0.273 93.2e97.2 1.12 0.09
HPLC ¼ high-performance liquid chromatography; LOD ¼ limit of detection; LOQ ¼ limit of quantification; RSD ¼ relative standard deviation.
Table 2 e Intraday and interday precision and accuracy for the determination of aflatoxins (AFs; AFB1, AFB2, AFG1, and
AFG2) in wheat samples.
a
Spiked concentration (mg/kg) AFB1 AFB2 AFG1 AFG2 Precision (% RSD) Accuracy
(% RME)Mean ± SD (mg/kg)
Intraday 0.25 0.259 ± 0.017 0.244 ± 0.017 0.253 ± 0.014 0.252 ± 0.014 0.25e2.2 1.48 to 1.43
2.5 2.442 ± 0.028 2.524 ± 0.018 2.483 ± 0.016 2.403 ± 0.021 0.54e2.11 3.48 to 2.20
10 9.749 ± 0.018 9.817 ± 0.029 10.14 ± 0.208 9.779 ± 0.040 0.68e0.63 5.20 to 1.45
Interday 0.25 0.253 ± 0.014 0.240 ± 0.021 0.254 ± 0.020 0.251 ± 0.031 0.67e1.68 2.65 to 3.24
2.5 2.483 ± 0.035 2.523 ± 0.040 2.520 ± 0.040 2.453 ± 0.035 1.47e2.48 1.94 to 0.80
10 9.780 ± 0.020 9.817 ± 0.028 9.910 ± 0.062 9.853 ± 0.011 0.31e1.14 3.45 to 1.45
RME ¼ relative mean error; RSD ¼ relative standard deviation; SD ¼ standard deviation.
a Triplicate analysis was performed for all measurements and reported as mean ± SD.
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in 48 (25.9%) wheat samples. The AFB1 concentration ranged
between 0.05 mg/kg and 4.78 mg/kg with a mean level of
0.51 ± 1.14 mg/kg.
The contamination level of AFB1 was significantly lower
than the MTL (2 mg/kg) for AFB1 assigned by the EU. AFB2 was
found only in 13 (7.0%) samples with a mean level of
0.02 ± 0.08 mg/kg. The AFB2 contamination ranged between
0.02 mg/kg and 0.48 mg/kg. AFG1 and AFG2 were not detected in
any of the analyzed samples. Total AFs (B1 þ B2) were found in
48 (25.9%) wheat samples ranging from 0.05 mg/kg to 5.26 mg/kgFigure 1 e High performance liquid chromatography chromatog
of wheat. FLU ¼ Fluorescence.with a mean level of 0.53 ± 0.40 mg/kg. The overall results
indicated that AFs were not found within detectable limits
(>0.091 mg/kg) in 137 (74.0%) samples. Out of 185 samples
analyzed, 180 (97.3%) samples contained AF levels below the
MTL of 4 mg/kg for total AFs as recommended by the EU.
Furthermore, only five (2.7%) samples showed AF contami-
nation more than the MTL of the EU. However, these samples
were fit for human consumption with reference to the MTL
(20 mg/kg) assigned by the USA (Food and Drug Administration
and Food and Agriculture Organization) and Pakistan
(Pakistan Standards and Quality Control Authority).rams of: (A) spike; and (B) naturally contaminated samples
Table 3 e The incidence of wheat samples with various
fungal genera detected using blotter paper and agar plate
methods.
Fungal
genera
Wheat samples with
fungal spp., n (%)
Difference
Blotter paper
method
Agar plate
method
Aspergillus flavus 24 (13.0) 26 (14.0) NS
Aspergillus niger 26 (14.0) 30 (16.2) NS
Penicillium spp. 15 (8.1) 17 (9.2) NS
Fusarium spp. 13 (7.0) 15 (8.1) NS
Alternaria spp. 4 (2.2) 4 (2.2) NS
Rhizopus spp. 6 (3.2) 4 (2.2) NS
Tilletia indica ND ND NS
Claviceps purpurea ND ND NS
ND ¼ not detected; NS ¼ not significant.
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physical properties of the food products but is also responsible
for the deterioration of nutrient contents of the grains. The
quality and germination rate of seeds is directly and indirectly
affected by the seed-borne pathogens. Seed-borne diseases
have been found to affect the growth and productivity of crop
plants as the liable pathogens attack and destroy the seedlings
[32]. Furthermore, Karim [33] reported that the Fusarium and
Alternaria spp. are also responsible for reducing the germina-
tion rate and inducing seedling blight. The results of the pre-
sent study were found to be in good agreement with the
above-mentioned earlier studies. The seed germination rate
was lower in contaminated wheat in comparison to healthy
wheat samples. For instance, the seed germination rates in
healthy and contaminated wheat samples were 84.6% and
45.2%, respectively.
The pathogenic fungi are responsible for producing carci-
nogenic compounds such as AFs, ochratoxin A, deoxy-
nevalenone, and fumonisin. Therefore, a number of authors
reported the presence of numerous pathogenic fungal species
in wheat samples (Table 5). Joshaghani et al [34] tested 34
samples of wheat seeds in Iran. The incidence of contamina-
tion by A. flavus, A. niger, Fusarium, Alternaria, and PenicilliumTable 4 e Occurrence of aflatoxins (AFs; AFB1, AFB2, AFG1, and
Pakistan.a
Toxins Tested
samples (n)
Positive samples, n (%) No. a
co
<LODb
AFB1 185 48 (26.0) 137 (74.0)
AFB2 13 (7.0) 172 (93.0)
AFG1 0 0
AFG2 0 0
Total AFs 48 (26.0) 137 (74.0)
LOD ¼ limit of detection; SD ¼ standard deviation.
a All measurements were made in triplicate and reported as mean ± SD
b Below the limit of detection.
c As per European Union standard (4 mg/kg).
d Below the Food and Drug Administration, Food and Agriculture Or
maximum tolerated level (20 mg/kg).was 10%, 21%, 18%, 27%, and 9%, respectively. Kolawole et al
[35] reported from Nigeria that out of 400 samples, about 17%,
12%, 16%, 6%, 22%, and 10% of samples were found to be
contaminated with A. flavus, A. niger, Fusarium, Alternaria,
Penicillium, and Rhizopous species, respectively. The findings
obtained in the present study were found to be in close as-
sociation with the previous study. However, Fusarium and
Penicillium species were found to be higher in the Nigerian
study. Furthermore, Anand et al [36] reported from India that
43% and 35% samples of wheat were contaminated with A.
flavus and Fusarium species, respectively. El-Shanshoury et al
[37] detected incidence rates of A. flavus (60%), A. niger (60%)
Fusarium (60%), Alternaria (50%), Penicillium (60%), and Rhizo-
pous (40%) in 10 samples of wheat in Egypt. Al-Kahtani [38]
reported from Saudi Arabia that the incidence rates of Asper-
gillus species, Fusarium, and Alternariawere 24%, 7%, and 60%,
respectively. In the present study, the contamination levels of
fungal pathogens were found to be lower in comparison with
the above-mentioned studies.
It has been reported that, the AFB1 and AFB2 are the most
common contaminants in comparison to AFG1 and AFG2 in
Pakistan [9]. The basic reason is that the temperature and
relative humidity for AFB1 and AFB2 production is favorable in
Pakistan. Schroeder and Hein [39] reported that the suitable
temperatures for AF production ranged between 20C and
35C. Elevation of temperature up to 40C or a decline down to
10C could result in reduced AF production. A high tempera-
ture (30e35C) within the optimal range favors the production
of aflatoxin B (B1 and B2). In contrast, low temperature
(15e20C) favors the production of aflatoxin G (G1 and G2).
Pakistan is located in a region which has a hot and humid
climate, with high temperatures averaging 23.9C and a dou-
ble maxima rainfall pattern (489 mm) [40]. These hot and
humid climatic conditions are considered to be very favorable
for the production of AFs [41]. The findings of the present
study support the above-mentioned facts and figures.
Several studies have reported the contamination levels of
AFs in wheat samples (Table 6). In Malaysia, Abdullah et al [42]
reported that 18 (21.7%) wheat flour samples out of 83 samples
were contaminated with AFs. The contamination of AFB1,
AFB2, AFG1, and AFG2 were present in 1.2%, 4.8%, 3.6%, andAFG2) in wheat samples collected from different areas of
nd percentage of samples in
ncentration range (mg/kg)
Mean ± SD
(mg/kg)
Range
(mg/kg)
2 2e4c 4d
26 (14.0) 17 (9.2) 5 (2.7) 0.51 ± 0.32 0.05e4.78
13 (7.0) 0 0 0.02 ± 0.08 0.02e0.48
0 0 0 0 0
0 0 0 0 0
26 (14.0) 17 (9.2) 5 (2.7) 0.53 ± 0.40 0.02e5.26
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j o u r n a l o f f o o d and d ru g an a l y s i s 2 4 ( 2 0 1 6 ) 6 3 5e6 4 3 64113% of samples ranging from LOD to 25.6 mg/kg, 11.2 mg/kg to
252.5 mg/kg, 25.0 mg/kg to 289.4 mg/kg, and 16.2 mg/kg to
436.2 mg/kg, respectively. Furthermore, Joshaghani et al [34]
reported from Iran that 29% of samples were contaminated
withAFB1 out of 34 samples, ranging fromLOD to 6.91 mg/kg. In
another study from Brazil, Trombete et al [10] analyzed 108
wheat samples and reported that 31% samples were positive
for total AFs. The contamination range was between LOD and
6.2 mg/kg with a mean level of 2.2 mg/kg. In the present study,
the contamination level of AFs was lower than as reported in
the above-mentioned studies. However, the percentage of
positive sampleswas comparable with thementioned studies.
In another study from Turkey, Aydin et al [43] analyzed 100
samples of wheat flour. AFB1 and total AFs were found in 20%
and 45% of samples, respectively. For AFB1 and total AFs, the
contamination range was 0.025e12.2 mg/kg and 0.05e14.0 mg/
kg with a mean level of 0.48e0.79 mg/kg, respectively. Taheri
et al [44] analyzed 100 samples of wheat flour in two different
seasons in Iran. The incidences rate of AFs in winter and
summer were 99% and 70%, respectively. The contamination
level of AFB1 was also higher than the summer seasons (77%
vs. 33%). The average contamination of AFB1, AFB2, AFG1,
AFG2, and total AFs were 0.53 mg/kg, 0.30 mg/kg, 0.55 mg/kg,
0.59 mg/kg, and 0.99 mg/kg, respectively. Riba et al [45] reported
from Algeria that about 56% samples were positive with AFB1
and ranged between 0.13 mg/kg and 37.4 mg/kg. In the present
study, the mean level of AF contamination was comparable
with the above-mentioned studies. However, the percentage
of positive samples was lower than the above-mentioned
studies.
All the above-mentioned previous studies indicated that
fungal pathogens and AF contamination frequently occur in
wheat. The present study also showed that the Pakistani
wheat sampleswere found to be contaminatedwith low levels
of fungal pathogens and AF contamination. However, the
present status of the fungal pathogens and AF levels in Pak-
istani wheat does not concurrently present a potential risk to
human health. The frequency of positive samples indicated
that there is need for further study, regular monitoring, and
performance of routine analysis as per food QC measures. In
order to achieve a low level of contamination, it is necessary to
conduct a regular training plan, and good manufacturing and
storage practices along with implementation of a hazard
analysis and critical control points-based safety program.4. Conclusion
In the present study, a total of 185 wheat samples were
collected from Pakistan and investigated for the presence of
fungal pathogens andAF contamination levels. TheAspergillus
species was the most common fungal isolate in wheat sam-
ples. Out of 185 samples, 48 (25.9%) were positive for total AFs
(B1 þ B2) with contamination levels ranging between 0.05 mg/
kg and 5.26 mg/kg with a mean level of 0.53 ± 0.40 mg/kg. The
frequencies of seed-borne fungi and AF levels in wheat sam-
ples were significantly lower than the permissible limits of the
EU, USA, and Pakistan and fit for human consumption.
Germination rates in healthy and contaminated wheat ker-
nels were 84.6% and 45.2%, respectively. On the basis of
Table 6 e The levels of individual and total aflatoxins (AFs) in wheat samples reported in different countries.
Country Tested
samples
(n)
Toxin
types
Positive
samples, n
(%)
Maximum
(mg/kg)
Range
(mg/kg)
Mean ± SD
(mg/kg)
Year of
survey
Authors
Malaysia 84 AFB1 1 (1.2) 25.6 LODe25.6 NR 1998 Abdullah et al [42] (1998)
AFB2 4 (4.8) 252.5 11.2e252.5 NR
AFG1 3 (3.6) 289.4 25.0e289.4 NR
AFG2 11 (13) 436.2 16.2e436.2 NR
Algeria 53 AFB1 30 (56) 37.4 0.13e37.4 e 2004e2006 Riba et al [45] (2010)
Turkey 100 AFB1 20 (20) 12.2 0.025e12.2 0.48 ± 0.21 2006 Aydin et al [43] (2008)
Total AFs 45 (45) 14.01 0.05e14.0 0.79 ± 0.99
Iran 34 AFB1 10 (29) 6.91 LODe6.91 e 2008e2009 Joshaghani et al [34]
(2013)
Iran 100 AFB1 77 NR NR 0.53 ± 0.87 2010 Taheri et al [44] (2012)
AFB2 98 NR NR 0.30 ± 0.71
AFG1 85 NR NR 0.55 ± 0.93
AFG2 70 NR NR 0.59 ± 0.62
Total AFs 99 NR NR 0.99 ± 1.96
Brazil 108 Total AFs 33 (31) 6.2 LODe6.2 2.2 2013e2014 Trombete et al [10]
(2014)
Pakistan 185 AFB1 48 (25.9) 4.78 0.05e4.78 0.51 ± 1.14 2014 Current study
AFB2 13 (7.1) 0.48 0.02e0.48 0.02 ± 0.08
AFG1 0 0 0 0
AFG2 0 0 0 0
Total AFs 48 (25.9) 5.26 0.05e5.26 0.53 ± 0.40
LOD ¼ limit of detection; NR ¼ not reported; SD ¼ standard deviation.
j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 4 ( 2 0 1 6 ) 6 3 5e6 4 3642obtained results, it was also concluded that fungal pathogens
have adverse effects on the germination of wheat seeds. The
detection of fungal pathogens andAF contaminationwarrants
further investigation, regular monitoring, and routine anal-
ysis as per food QC measures. The initial approach is to take
precautions and proper action by applying fungicides and
biological compounds to reduce crop losses and as a result
increase the quality of produce.Conflicts of interest
The authors declared no conflicts of interest relevant to this
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